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Abstract 
Introduction: As one of the pilot cities for renewable energy application, which is defined by Ministry of Housing and Urban-
Rural Construction of the People's Republic of China, Shenyang has widely popularized and applied GSHP(Ground Source Heat 
Pump) technology in winter heating and summer cooling. 
Methods: This paper uses the GSHP system of a residential district of Shenyang as an example to investigate, test and analyze 
the GSHP project. The test of the indoor temperature and humidity should be done after the buildings have achieved stable 
thermal. 
Conclusions: The system had stable performance, which benefited the system to have long-term operation. Compared with 
traditional air conditioner, the operation cost of GSHP was lower and it saves about 21.39% annual operation cost, which leads to 
the result that GSHP is economic and energy saving. The paper focuses on the experimental verification, needs further simulation 
software to calculate the results. This project was financially supported by the National science and technology support plan sub-
topic (2011BAJ05B01-04). 
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1.Introduction 
As one of the pilot cities for renewable energy application, which is defined by Ministry of Housing and Urban-
Rural Construction of the People's Republic of China, Shenyang has widely popularized and applied GSHP(Ground 
Source Heat Pump) technology in winter heating and summer cooling. This paper uses the GSHP system of a 
residential district of Shenyang as an example to investigate, test and analyze the GSHP project.  
2.Conditions of heat pump units 
Test project contains 4 residential buildings, 69000 Square meters of covered area which includes about 60000 
square meters using GSHP system. This test project is a typical GSHP system used for winter heating, summer 
cooling and annual domestic hot water, this system uses a fan coil unit in terminal. In 2012, this system’s heating 
period were 152 days, cooling period were 92 days, annual domestic hot water was providing. 
There were three screw type heat pump units of the series of RHSBW were used in this system, each unit 
contains two compression engines. 
3.The Test Scheme 
3.1 The test contents and instruments 
The basic test parameters including: outdoor temperature and typical indoor temperature. The unit system test 
parameters including: the flow rate of heat source side and customers side, the inlet and outlet water temperature of 
heat source side and customers side. The test parameters of heat pump system[13-14] including: the flow rate of 
groundwater system side and customers side, the inlet and outlet water temperature of groundwater system side and 
customers side as well as the power consumption of units and water pump. 
3.2 Test time 
The indoor temperature and humidity˖The test of the indoor temperature and humidity should be done after the 
buildings have achieved stable thermal. 
Heat pump units: The performance and coefficient of heat pump heating or cooling conditions should reach the 
rated conditions of the units as far as possible, while the load rate of the units should be over 80 percent of the rated 
value. Thus the heat pump units could only be tested after the units reached stable operation condition. The test 
cycle was 2 to 3 hours as usual[14-15]. 
Heat pump system: When the system EER was closed to the system design condition, the maximum load rate was 
over 60% of the design value. It meant that the heat pump system ran properly so that the system could be tested, 
and the test cycle was set to be 2 to 3 days[14-15]. 
3.3 Data analysis principle 
 
1)The coefficient of performance of the heat pump units in the heating season 
According to the measurement data, the heating COP of the heat pump units was calculated according to formula 
below[13-14]: 
i
H
H N
Q
COP = (1) 
In this formula COPH represented the heating COP of the heat pump units; QH represented the average heating 
capacity of the units during the test cycle, kW; Ni represented the average input power of the units, kW. 
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The unit average heating capacity was calculated according to formula below[1-2]: 
3600/Δ= wtc ρVQ                                                                                                                                   (2) 
In this formula V represented customers’ average flow rate of the units, m3/h; 'tw represented the units 
customers’ water temperature difference between the import and export, ć;²represented the average density of hot 
water, kg/m3; c represented the average specific heat of heating water under constant pressure, 4.18kJ/(kg·ć). 
2)Heat pump system EER during the heating season  
Heat pump system EER during the heating season was calculated according to formula below[13-14]˖ 
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COP 䌥+=                                                                                                                                    (3) 
In this formula, COPSH represented the heating COP of the heat pump system; QSH represented the system’s total 
heating capacity during the test period, kW·h; Ni represented the system’s electricity consumption during the test 
period, kW·h; Nj represented the water pump’s electricity consumption during the test period , kW·h. 
The system’s total heating capacity during the test period was calculated according to the formula below[13-14] 
L
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T4 ě                                                                                                                                                         (4) 
wtc ρVq Δ= (5) 
In this equation, V represented unit customers’ average flow rate, m3/h˗'tw represented units customers’ wat
er temperature difference between the import and export, ć; ²represented the average density of hot water, kg/m3; 
c the average specific heat of heating water under constant pressure, kJ/(kg·ć). 
4. Analysis of test results 
4.1Analysis of Temperature Test Data 
1)Analysis the test data of indoor and outdoor temperature: 
Chosen the outdoor temperature of January 15 th to 16th, 2012 as the research object. The temperature recorder 
was placed outdoor; and recorded the outdoor temperature every 30 minutes continuously. According to the test data, 
the outdoor temperature distributions are shown in figure 1. The figure showed that the highest outdoor temperature 
was around 14:00 and the lowest temperature was in the early hours of the morning from 2:00 to 6:00. 
Four buildings in the district where the heating position was relatively of disadvantage was selected as the test 
object. The typical rooms such as the living room, studying room, and kitchen were chosen to record temperature 
continuously for 48 hours under monitoring. According to the test data, the temperature curve plotting are shown in 
figure 1 was drawn.  
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
Fig. 1.  Indoor temperature variation curves of typical room 
2)Analysis the test data of units temperature: 
Heat pump unit 1# was chosen as the test object. Set temperature probes at inlet and outlet condenser water pipes 
and evaporator water pipes, and monitored the inlet and outlet water temperature on the heat source side and 
customers side. The condenser side was circulating hot water for the customers while the evaporator side was 
groundwater. The distribution of heat pump unit 1#’s temperature and outdoor temperature are shown in figure 2. 
    
Fig. 2.  Temperature variation curves of heat pump unit 1# 
As shows in figure 2, with the fluctuations of outside temperature, the temperature changes of the heat source and 
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user side of heat pump unit were little. From an overall perspective, the inlet and outlet water temperature changings 
of heat source and customers side was steady. The inlet and outlet water temperature difference was about 4ć on 
the heat source side, while the inlet and outlet water temperature difference was about 2ć on the customers side, 
which means that the performance of heat pump unit was stable. 
3)Analysis of the test data of system temperature:  
Temperature probes were set on inlet and outlet water pipes of heat pump system side and customersÿ side. The 
temperature of inlet and outlet water on the heat pump system side and customersÿ side was monitored. The 
distribution of system temperature and outdoor temperature are shown in figure 3. 
 
Fig. 3.  Temperature variation curves of heat pump system 
As the figure 3 shows, with the outdoor temperature decreased, the load of customers increased, and the inlet 
water temperature of groundwater decreased a little in the heat source side while the temperature difference of inlet 
and outlet water was increased a bit but not obvious. It can be used pump to increase the flow rate of groundwater 
entering to satisfy the load increasing. On the customersÿ side, because of the increasing load, the water 
temperature of outlet decreased and the water temperature difference increased a bit. This can be used open the 
valve more large of unit and circulating water pump to increase the flow of customers side to satisfy the increasd 
load. According to the introduction of the executive on the scene, compared with small load, the flow of customers 
side in the large load changed about 40%, or even reached 50% to meet the requirements of the change of load. 
4.2 Efficiency analysis of heat pump system 
1)Comparative analysis of annual operating cost of heat pump system: 
1#ˈ2# heat pump system were operating, and four compressors were operating with full load. One living hot 
water circulating pump, a secondary water system living hot water circulating pump, two circulating pumps and 
three submersible pumps were operating 24 hours a day. 
According to the statistical data, during the winter of 2012 winter, the energy consumption of ground source heat 
pump(GSHP) was about 2,346,000 KWH, which required 1,809,919 Yuan to fulfill the electricity bills. As the 
nation gave a preferential price to ground heat pump, it cost 1,410,100 Yuan actually, the actual cost of energy 
consumption was 23.5 Yuan/ m2. In summer, the energy consumption of GSHP was 434,500 KWH, which required 
361,842 Yuan to pay the electricity bills, but the actual payment of GSHP was 287,977 Yuan with the actual price of 
1394   Hongwei Wang et al. /  Procedia Engineering  121 ( 2015 )  1389 – 1396 
the energy consumption was 4.8 Yuan/ m2. The annual fare of heating and cooling was 28.3 Yuan/ m2. 
The operation cost of municipal heating network and central air-conditioning˖according to the data, 
Shenyangÿs municipal heating network charged 28 Yuan/ m2 for civil architects in 2012, and about 8Yuan/ m2 for 
central air-conditioning in summer,  which means 36 Yuan/ m2 for annual heating and cooling[16]. 
Compared with the cost of traditional air conditioner, the operation cost of GSHP was lower, it saves about 
21.39% annual operation cost, which leads to the result that GSHP is economy and energy saving, and it is a new 
technology worth popularizing widely. 
2)Thermal efficiency of heat pump units: 
Calculate the thermal efficiency of heat pump unit according to formula (1), and the changes of thermal 
efficiency of heat pump unit 1# are shown in figure 4. During the test period, the minimum COP was 2.29, the 
maximum COP was 2.39, and the average COP was 2.33. 
  
Fig. 4.  Heating COP of heat pump unit 1# 
3) COP of heat pump system: 
Calculate the COP of heat pump system according to formula (3) and formula (4), the COP changes of heat pump 
system are shown in figure 5. During the test period, the minimum COP was 2.00, the maximum COP was 3.43, and 
the average COP was 2.65. 
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Fig. 5.  COP of heat pump system 
5.Conclusions and discussion 
1) The indoor temperature of this residential quarter has reached the comfort requirement of heat customers and 
the changes of every temperature parameter of the unit were stable. That is to say, the units had stable performance, 
which benefited the units to have high-efficiency operation. The changes of each temperature parameter of the heat 
pump system were stable. That is to say, the system had stable performance, which benefited the system to have 
long-term operation. 
2) With the outdoor temperature decreasing, the load of customers increased, the water temperature of outlet 
decreased and the water temperature difference increased a bit. The inlet water temperature of groundwater 
decreased a little in the heat source side, whereas the inlet and outlet water temperature difference increased a bit but 
not obvious. Staff in the machine room used variable frequency pump to pump, which made the flow of 
groundwater entering unit increase to satisfy the increasing of load and used the method of valve to move to a more 
open position of unit and circulating water pump to increase the flow of customers to satisfy the requirement of the 
increasing load. The flow of customersÿ side in the large load changed about 40%, or even reached 50% to meet 
the requirements of the change of load. 
3) The annual cost of GSHP heating and cooling was 28.3 Yuan/ m2, the annual cost of central air-conditioning 
heating and cooling was 36 Yuan/ m2. Compared with traditional air conditioner, the operation cost of GSHP was 
lower and it saves about 21.39% annual operation cost, which leads to the result that GSHP is economic and energy 
saving, and it is a new technology worth popularizing widely. 
4) According to data to analyze the COP of heat pump units and system, the COP of units can reach about 2.33, 
the COP of system can reach about 2.65. Compared with other methods, this result have reflected the energy saving 
ability of GSHP. 
5)The paper focuses on the  experimental verification, needs further simulation software to 
calculate the results. 
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